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Introduction 

Interleukin-1 1 (IL11) is a soluble cytokine 
initially identified from a non-human primate stro- 
mal cell line and characterized on the basis of its 
growth-promoting effect on an IL6-dependent 
mouse plasmacytoma cell line (Paul et a/., 1990). It 
has subsequently been shown to be produced and 
secreted by a variety of mesenchyme-derived cells 
such as fibroblasts, keratinocytes, chondrocytes, 
trophoblasts, synoviocytes, bone marrow stromal 
cells and osteoblasts (reviewed in Du and Williams, 
1997). 

IL11 was initially described as a growth factor 
acting at multiple stages of haematopoiesis. In vitro, 
it synergizes with other cytokines (IL3, IL4, steel 
factor) to support the growth of early, pluripotent 
progenitors. It has a major role in thrombopoiesis: it 
stimulates the formation of early megakaryocyte 
precursors (in combination with IL3) and has a 
direct effect on the maturation of megakaryocytes by 
increasing their size and ploidy. IL1 1 also promotes 
the formation of erythroid precursors as well as the 
development of macrophage precursors. It supports 
survival of B-lymphoid precursors and induces the 
differentiation of B lymphocytes into Ig-secreting 
cells, a function which appears to involve the pres- 
ence of helper T cells. Most of these activities arc 
found when IL11 is injected into mice: there is a 
general stimulation of medullary haematopoiesis 
with a more specific enhancement of peripheral 



thrombopoiesis and neutropoiesis. Preclinical stud- 
ies in normal and myelosuppressed animals and 
more recently phase I and phase II clinical trials in 
breast cancer patients have demonstrated the poten- 
tial of IL11 to accelerate mukilineage haemato- 
poietic recovery and reduce thrombocytopenia 
(Teplerero/:, 1996). 

There is also mounting evidence that IL1 1 is an 
anti-inflammatory and protective agent against injury. 
In vitro, it inhibits the production of the inflammatory 
mediators DLlp, TNFot , IL12 and nitric oxide (NO) 
by LPS-activated macrophages, a function which 
appears to occur through inhibition of the NF-kB- 
complexKlependent transcriptional activation (Trepic- 
chio et a/., 1997). Through its effect on IL12 produc- 
tion, IL11 can potentially interfere with IL12- 
dependent Thl -mediated responses (IFNv produc- 
tion) to infectious agents. ILI 1 also stimulates the 
synthesis of type I metalloprotease inhibitors by 
chondrocytes and synoviocytes, therefore poten- 
tially preventing the degradation of cartilage extra- 
cellular matrix during articular inflammation. These 
anti-inflammatory properties of ILI 1 correlate with 
its ability to reduce inflammatory symptoms in 
experimental animal models of acute and chronic 
inflammatory diseases (LPS-induced systemic 
inflammation, inflammatory bowel disease, rheuma- 
toid arthritis). In mice treated with combined 
chemo- and radiotherapy, ILI 1 prevents apoptosis 
and accelerates recovery of gastrointestinal and oral 
mucosal cells dama ged as a result of t hejnflamma^- 
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tory response induced by injury (Du et aL. 1 994). 
IL1 1 is thus considered as a potential therapeutic 
agent in various inflammatory disorders. 

Multiple biological activities for ILII have also 
been demonstrated outside the lymphohaematopoietic 
system. It functions as an adipogenesis inhibitory fac- 
tor, induces the synthesis of acute phase proteins by 
hepatocytes, participates in the development of osteo- 
clastic cells, in the differentiation of nerve cells and in 
spermatogenesis. Recent, ILI I receptor knock-out 
experiments in the mouse have revealed an essential 
role for ILI 1 in female reproduction (Robb et uL t 
1998). 

Many of the activities exhibited by ILI I arc dis- 
played by 11-6, and to a lesser extent by leukaemia 
inhibitory factor (LIF), oncostatin M (OSM) and cil- 
iary neurotrophic factor (CNTF). However, ILI 1 
and IL6 also display distinct biological effects. For 
example, IL6 is an important regulator of T-cell acti- 
vation and differentiation and has a clear mitogenic 
activity for a number of lymphoma and myeloma 
cell lines, two activities which do not seem to be 
shared by ILI I. Conversely, ILI I, unlike IL6, stim- 
ulates the terminal maturation in the erythroid line- 
age and stimulates the recovery of small intestinal 
mucosal cells after cytoablative therapy. 

ILI I together with IL6, LIF, OSM and CNTF 
belongs to the family of long-chain four-alpha helix 
bundle cytokines. They also constitute (together 
with cardiotrophin-1 (CT-1) and more recently 
sweat gland factor) the subgroup of hacmopoietic 
cytokines which use the gpl30 signal transducer for 
signalling through their high-affinity receptors. 
Another signal-transducing subunit (gpl90) is also 
shared by LIF, OSM (type I), CNTF and CT-I 
receptors, whereas type II OSM receptors use a 
gpI80 transducing subunit. All these transducing 
subunits (called p chains) are characterized by the 
existence of large cytoplasmic domains containing 
consensus boxes and tyrosine residues for binding 
and recruitment of molecules (tyrosine kinases, tran- 
scription factors) responsible for signal transduction. 
Additional receptor components (a chains) with 
short cytoplasmic domains have been identified 
which confer cytokine specificity but do not appear 
to participate in signal transduction. The IL6Ra 
chain is a membrane-anchored glycoprotein, 
whereas the CNTFRa chain lacks a cytoplasmic 
domain and is attached to the membrane through a 



glycosy I phosphatidyl inositol (GP1) anchor. More 
recently, an 1L1 1 Rot chain has been described in the 
mouse (Hilton et aL, 1994) and we have shown the 
existence of two ILI IRa isoforms in humans result- 
ing from alternative exon splicing and most homolo- 
gous to IL6Ra and CNTFRa (Cherel et «/., 1995). 
The first encodes a transmembrane glycoprotein 
with a short cytoplasmic domain (as is the case of 
IL6Ra) while the second is devoid of a cytoplasmic 
domain (as in the case of CNTFRa). Roth isoforms 
have similar functional properties when trans fee ted 
with gpl30 in the Ba/F3 cell line, indicating that the 
cytoplasmic part (32 amino acids) is dispensable for 
signalling (Lebcau et <//., 1997). 

All these cytokines use similar signal transduc- 
tion pathways. LIF, CNTF, CT-1 and OSM induce 
heterodimeri/ation of gpI30 and gpl90 (or gpl80 in 
the case of OSM). IL6 induces homodimerization of 
gpl30. In the case of ILI 1, dimerization of gp!30 
appears sufficient for signal transduction, although 
the recruitment of another still unknown receptor 
subunit has been postulated. This homo/heterodim- 
erization process promotes activation of tyrosine 
kinases of the janus kinase (Jak/Tyk) family 
(Liitticken et aL, 1994). At present, IL11 has been 
shown to activate Jak2. However, recent knock-out 
experiments have demonstrated an obligatory role of 
Jakl, but not of Jak2, for biological responses elic- 
ited by gpl30-activating cytokines (Rodig et al., 
1998). Activated Jaks phosphorylate tyrosine resi- 
dues located on the cytoplasmic tails of gpl30 and 
associated subunits. This leads to the docking of 
additional SH2-containing proteins among which 
are the signal transducers and activators of transcrip- 
tion (STATs). IL11 has been shown to activate 
STAT3. Src family tyrosine kinases (Fyn, Yes, Src) 
can also be mobilized by IL11, as well as the 
Ras/MAP kinase pathway, phospholipase D, phos- 
phatidyl-inositol 3 kinase and PKC signalling cas- 
cades (Yang and Yin, 1995). 

Objectives 

Numerous in vivo studies have emphasized the 
potential role of IL6 in several diseases including 
multiple myeloma, postmenopausal osteoporosis, 
chronic and immune diseases and AIDS. The molec- 
ular cloning of the cytokine and its specific receptor 
chain has stimulated the generation of agonists or 
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antagonists potentially useful in clinical therapy. 
Less is known concerning the physiopathological 
implications of IL1 1, although recent studies have 
highlighted its role in haematopoietic reconstitution, 
protection of epithelial mucosal cells, spermatogene- 
sis and female fertility. Also, strategies aimed at 
designing agonists or antagonists of ILI I action 
have long been hampered by the lack of knowledge 
of the specific ILI 1 receptor chain. 

This European project was created to partially fill 
this gap. Its was initiated on the basis of the identifi- 
cation by one of the participant laboratories of the 
human receptor for ILI I and the previous and ongo- 
ing collaborative expertise of the participating labor- 
atories in the field of IL6, L1F and CNTF. It is a 
multidisciplinary approach aimed at: (i) modeling 
the structure of the interleukin- 1 1 /receptor complex ; 
(ii) developing immunoassays enabling investigation 
of the pathological implications of IL- 11; and (iii) 
engineering bioreagents with potential interest in 
human therapy. 

The main steps are : to raise monoclonal anti- 
bodies (mAbs) against ILI I and IL11R; to gener- 
ate mutants of IL11 and ILI 1R by site-directed 
mutagenesis; to raise three-dimensional models of 
ILI 1, ILI 1R and their complex based on the struc- 
ture of other members of the cytokine family ; to 
use antibodies, mutants and molecular modelling 
predictions in order to define the contact areas and 
amino acids involved in the interactions between 
the different partners of the high-affinity IL11 
receptor complex, namely IL11 itself, IL1IR and 
gpl30 signal transducer; to set up specific immuno- 
assays for the monitoring of ILI 1, soluble 1L11R 
and soluble gpl30 as well as ILll/soluble IL11R 
and ILll/soluble ILI lR/soluble gp!30 com- 
plexes; to use these immunoassays for the detec- 
tion of human malignancies associated with 
abnormalities in IL 1 1 and/or IL11R expression; 
and to design high-affinity antagonists and ago- 
nists (ILI 1 and ILI 1R mutants) potentially impor- 
tant for the control and treatment of these malig- 
nancies, for example more stable agonists with 
higher affinity that can be used in the recovery of 
haematopoietic and intestinal mucosal cell growth 
following irradiation or chemotherapy in cancer 
treatment. 

Preliminary results 

Various constructs have been prepared which 
link ILI I or ILI I Rot (ectodomain) to various tugs 
(flag epitope, polyhistidine, thioredoxin, IL2), trans- 
fected in different expression systems {Escherichia 
coli, yeast, baculovirus) and the recombinant pro- 
teins purified. 

The~biological activity of these proteins has 
been evaluated in various cellular systems natu- 



rally expressing ILI 1R and/or gpl30 and on trans- 
fected cell lines (Ba/F3 system). We confirm that 
gpl30 and ILI 1R (either as a membrane-anchored 
or soluble form) are necessary for ILI 1 -mediated 
biological responses. Activation of gpl30 by ILI 1 
involves similar molecular mechanisms as IL6: 
ILI 1 /ILI 1R and IL6/IL6R complexes compete for 
binding to overlapping contact sites on gpI30. 
Both complexes activate STAT3 and STAT1 in a 
Jak I -dependent manner (Dahmen et a/., 1998). 
Comparison of the IL11 and IL6 efficiencies on 
transfected and naturally responding cell lines, 
however, indicate that other component(s) might 
participate in the structure of the fully active ILI 1 
receptor. 

Immunizations have been performed in the 
mouse with the soluble lLllRct, with synthetic 
peptides corresponding to different structural 
regions of the ILI IRot ectodomain and by naked 
DNA technology. Several anti-ILURa mAbs 
have been obtained which are being character- 
ized. 

A molecular model of ILI 1 has been built based 
on the X-ray structure of CNTF (fig. 1). This model 
allowed prediction of residues in contact with 
ILI 1 Ret and gpl30. In analogy with the known three 
interaction sites of IL6, CNTF and LIF, site I has 
been predicted to interact with ILI IRot and consists 
of amino acids from the end of the AB loop and the 
C- terminal part of the D helix. Sites II and III pre- 
dicted to contact the gp 130 homodimer as in the 
case of IL6 are constituted by residues from the A 
and C helices (site II) and by residues from the 
N-terminal half of helix D and the beginning of the 
AB loop (site III). 

Site-directed mutagenesis using a PCR-based 
method was used to exchange residues predicted 
to contact 1L1 IRa and gpl30. Wild-type ILI 1 and 
IL 1 1 mutants were expressed as thioredoxin 
fusion proteins in £. colL Their binding and func- 
tional properties were evaluated in various biolog- 
ical systems. One is the induction of acute phase 
protein synthesis (al-antichymotrypsin, haptoglo- 
bin) in HepG2 cells. A second is the proliferation 
of Ba/F3 cells stably transfected with human 
gpl30 and human ILI IRa. This cell line was also 
used to measure the binding capacities of the ILI 1 
mutants by flow cytometry. Finally, immunopre- 
cipitation and solid-phase ELISA assays were set 
up to measure the capacity of ILI 1 mutants to 
interact with a soluble form of ILI IRa and to 
form a soluble ILM/ILI I Rct/gpl30 ternary com- 
plex. Together, the results were in agreement with 
the predictions made by molecular modelling. 
Most of the site I mut ations resulted in_reduced- 
— ILrliR"birTding and biological activity. Some site 
II or site III mutants exhibited strongly reduced 
biological activity, while retaining their capacity 
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Fig. 1. Ribbon representation of human 1L1 1 obtained by 
homology -based modelling using human CNTF crystallo- 
graphic structure as a template. 

The alpha helices arc designated A,B,C,D. The areas 
predicted to contact 1L1 IR (site 1) and gp!30 (sites II and 
III) are shown. 



to interact with IL11R, and represent interesting 
antagonists of ILI 1 action. 

Key words: ILll, Haernutopoiesis, Receptor; 
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